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ABSTRACT 

PURPOSE: To provide the sputtering device for foming a dielectric film 
with the generation of the abnoraal discharge and dust nininized in the 
sputtering device in sputtering and capable of naintaining a stabilized 
plasna discharge for a long tiae. 

CONSTITUTION: The device parts 7 having a ground potential are provided 
around the opposed substrate 8 and target 3, and a dielectric filn is 
forned on the substrate by using the ceraaic target 3. In this sputtering 
device 1, at least the surface of the parts 7 on the space 14 side wherein 
plasaa Is coated with an insulating ceraaic fi In consisting of Al (sub 
2)0(sub 3). TiO(sub 2), SiO(sub 2), ZrO(sub 2), MgO or B(sub 4)C in 
0. 1-5000.nu.a thickness by CVD, PVD, sputtering, coating or thernal 
spraying. 
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(54) [Title of the Invention] 
SPUTTEMNG SYSTEM AND METHOD OF FORMING DIELECTRIC FILM 

(57) [Abstract] 

[Object] A sputtering system for forming a dielectric film, which can keep stable plasma 
discharge for a long time, in which abnormal discharge and dust particles can be 
generated infrequently during sputtering. 

[Configuration] A sputtering system equipped with a part at an earth potential around a 
substrate and a target that are opposed to obtain a dielectric film on a substrate with the 
use of a ceramic target, wherein at least a surface of the part, facing a space where 
plasma exists, is coated with an insulating ceramic film from 0.1 to 5000 ^m in thick 
comprising any of AI2O3, Ti02, SiOi, ZrOi, MgO and B4C by CVD, PVD, sputtering, 
application or spraying. 
[Scope of Claim] 

[Claim 1] A sputtering system equipped with a part at an earth potential around a 
substrate and a target that are opposed to obtain a dielectric film on a substrate with the 
use of a ceramic target, wherein at least a surface of the part, facing a space where 
plasma exists, is coated with an insulator. 

[Claim 2] The sputtering system according to Claim 1, wherein the insulator is an 
insulating ceramic film comprising any of AI2O3, Ti02, Si02, Zr02, MgO and B4C 
coated to be 0.1 to 5000 fjun in thick by CVD, PVD, sputtering, application or spraying. 
[Claim 3] The sputtering system according to Claim 1 or 2, wherein the dielectric film is 
any of SrTiOa, BaTiOa. (BaSr)ri03, PbTiOa, (PbLa)Ti03, Pb(ZrTi)03, (PbLa)(ZrTi)03 
and Ta205. 

(Claim 4] A method of forming a dielectric film, which sputters a ceramic target with a 
sputtering system equipped with a part at an earth potential around a substrate and a 
target that are opposed to form the dielectric film on a substrate, wherein the sputtering 
system has at least a surface of the part, facing a space where plasma exists, which is 
coated with an insulator, and the dielectric film is SiTiOs, BaTi03, (BaSr)Ti03, PbHOs, 
(PbLa)Ti03, Pb(ZrTi) O3, (PbLa)(ZiTi)03 orTazOj. 

[Claim 5] The method of forming the dielectric film according to Claim 4, wherein the 
insulator is an insulating ceramic fihn comprising any of AI2O3, T1O2, Si02, Zr02, MgO 
and B4C coated to be 0.1 to 5000 tun in thick by CVD, PVD, sputtering, application or 
spraying. 

[Detailed Description of the Invention] 
[0001] 
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[Field of the Industrial Application] The present invention relates to a sputtering system 
and a method of forming a dielectric film, for more detail, a sputtering system and a 
method of forming a dielectric film for obtaining a dielectric film with high dielectric 
constant. 
[0002] 

[Conventional Technology] As a conventional sputtering system for obtaining a 
dielectric film, a sputtering system a shown in Fig. 2 is known. 

[0003] In the sputtering system a shown in Fig. 2, b shows a metal vacuum chamber, c 
shows a ceramic target for obtaining an objective dielectric film, d shows a sputtering 
cathode, e shows an insulating board for isolating the sputtering cathode d from the 
vacuum chamber at an earth potential, / shows an earth shield, g shows a 
contamination plate, h shows a substrate placed opposite to the ceramic target c for 
fomiing a dielectric film on a surface, i shows a substrate holder equipped with a heater 
for heating the substrate A, j shows an exhaust port valve of the vacuum chamber, k 
shows a gas-feed pipe for introducing sputtering gas into the vacuum chamber b, I 
shows an earth board for making the vacuum chamber b the earth potential, and m 
shows an RF power supply for applying electric power to the sputtering cathode d. 
[0004] Of these parts of the system, the contamination plate g is generally placed 
around the substrate h and the target c to prevent sputtered particles of the sputtered 
ceramic target c from scattering and adhering all over the area in the vacuum chamber b 
to contaminate an inside wall. 

[0005] Then, even if a dielectric film is formed on the substrate h for a certain degree of 
long time, the inside wall of the vacuum chamber b is hardly contaminated since the 
contamination plate g is placed, and the contamination plate g prevents a film of the 
ceramic target c from adhering to a portion that is not the substrate A, except the earth 
shield / and a tip of the gas-feed pipe k of the parts of the system, which are placed 
around the substrate h and the target c. 

[0006] Besides, after a reasonable length of deposition time, deposition can be 
repeatedly continued by exchanging the contamination plate g with an adhering film of 
the ceramic target c, the earth shield/, and the tip of gas-feed pipe k or by removing and 
cleaning the contamination plate g, 

[0007] Since the contamination plate g and the gas-feed pipe k are generally made of 
often a metal material such as a stainless material, and fixed to the inside wall of the 
vacuum chamber ft, they have the earth potential. Also, the earth shield / has of course 
an earth potential. 

[0008] When sputtered particles that come from the ceramic target c are deposited on 
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surfaces facing a space where plasma exists, of these parts of the system that are placed 
at the earth potential around the substrate h and the ceramic target Cy small arcing starts 
to be generated at the surface where an insulating film is deposited after a while since 
sputtering is started in case that the deposited film is the insulating film, and this arcing 
starts to be generated all over the surface before long. When discharge is stopped to 
observe the surface of these parts of the system, it is found that traces generated by the 
arcing remain at the surface to which whitish powder is also adhering. The foregoing 
powder is undesirable since the powder contaminates the inside of the vacuum chamber 
b, and is often taken into the substrate h for deposition. 

(0009] The powder is generated due to the mechanism as follows. The insulating film 
starts to be deposited on the surfaces facing the space where plasma exists, of the parts 
of the system at the earth potential. On the other hand, plasma spreads in the space 
surrounded by the inside surface of the contamination plate the ceramic target c and 
the substrate h. Depending on leakage magnetic field strength of the surface of the 
ceramic target c in the case of magnetron sputtering, in any case, plasma spreads to the 
vicinity of the contamination plate ^ as the power to be applied to the sputtering cathode 
d is increased in order to increase the deposition rate. 

[0010] At this point, there is no problem if the deposited film is a metal film. However, 
if the deposited film is an insulating film, the following phenomenon arises. 
[0011] In other words, when an insulating film deposited on the surfaces of these parts 
of the system is exposed to plasma or plasma exists around the insulating film, a 
positive or negative electric charge is accumulated at a surface of the insulating film due 
to the plasma potential in the position. 

[0012] Generally, absolute value of the electric charge is charged up to about several to 
several dozen V. Although a very thin film is deposited on the surface of these parts of 
the system at first, the very thin film has a low dielectric breakdown voltage, that is, a 
low withstand voltage. When the foregoing electric charge is accumulated at the 
surface of the insulating film at that moment, the electric charge at the surface of the 
insulating film moves in the direction of the film thickness toward the side of the earth 
potential while causing dielectric breakdown of the film since these parts of the system 
have earth potential. 

[0013] In the portions subjected to dielectric breakdown, pinholes or film peeling are 
generated, where the earthed metal surfaces of the parts of the system are exposed again. 
Then, when an insulating film starts to be deposited there again, charge up at the surface 
of the film and dielectric breakdown of the film are repeated as the foregoing, which is 
repeated all over the surfaces of these parts of the system. That is to say, the foregoing 
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small arcing generated all over the surfaces of the contamination plate g, the earth shield 
/and the tip of gas-feed pipe k means that this state is generated. 

[0014] At this point, since the insulating film is peeled off due to dielectric breakdown 
at a micro level, the surfaces of these parts of the system have fine powder peeled all 
over the surfaces. The foregoing powder is undesirable since the powder as deposition 
dust is mixed into a dielectric film that is to be deposited on the substrate h to cause a 
defect in deposition. 

[0015] Therefore, in order not to generate the foregoing dust, the following means in 
two ways can be taken. 

I. An electric charge is prevented from being accumulated on the insulating film. In 

particular, the distance between the contamination plate g and the target c is extended as 

far as possible or plasma is prevented from spreading in order to prevent the inside 

surface of the contamination plate ^ from being exposed to plasma. 

n. Even when an electric charge is accumulated on the insulating film, the electric 

charge is prevented from being discharged toward the earth potential to cause dielectric 

breakdown. 

[0016] 

[Problems to be Solved by the Invention] As for the means I, it is impossible to extend 
the distance infinitely since the vacuum chamber has a size limited. In addition, when 
deposition is continued for a long time, electric charges for providing an applied electric 
field that breaks the insulating film are finally accumulated at the surface of the 
insulating film deposited on the inside surface of the contamination plate g. On the 
other hand, as for the means 11, it can be easily expected that it becomes impossible for 
the electric charge accumulated on the insulating film to be discharged to earth potential 
to cause no dielectric breakdown while the electric charge remains accumulated at the 
surface of the insulating film, for example, when the contamination plate g is not made 
to have the earth potential, that is, the contamination plate g is separated by an 
insulating board from the earth potential of the vacuum chamber or the contamination 
plate g itself is made of an insulating material instead of a metal material. 
[0017] However, in fact, discharge is kept in plasma generation by current flowing 
between the sputtering cathode and the earth around. Therefore, in the case of the 
extremely small earth potential around the sputtering cathode as described above, the 
discharge is unstable, and it becomes impossible to keep the discharge in extreme cases. 
[0018] It is an object of the present invention to provide a sputtering system and a 
method of forming a dielectric film, which solve the above-mentioned problems to 
generate no dust particle from parts of the system placed around a substrate and a target 
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and enable to keep stable discharge. 

[0019] [Means for Solving the Problem] A sputtering system according to the present 
invention is equipped with a part at an earth potential around a substrate and a target 
that are opposed to obtain a dielectric film on a substrate with the use of a ceramic 
target, wherein at least a surface of the part, facing a space where plasma exists, is 
coated with an insulator. 

[0020] Further, for the insulator, insulating ceramic such as AI2O3, TiOa, Si02, Zr02, 
MgO or B4C may be coated by CVD, PVD, sputtering, application, or spraying to be 
about 0.1 to 5000 ^m in thick. 

[0021] Further, the dielectric film may be any of SrTiOs, BaTi03, (BaSr)Ti03, PbTiOa, 
(PbLa)Ti03, Pb(ZrTi)03, (PbLa)(Zrri) O3 and TazOs- 

[0022] A method of forming a dielectric film according to the present invention uses the 
sputtering device. For more detail, the present invention provides a method of forming 
a dielectric film, which sputters a ceramic target with a sputtering system equipped with 
a part at an earth potential around a substrate and a target that are opposed to form the 
dielectric film on a substrate, wherein the sputtering system has at least a surface of the 
part, facing a space where plasma exists, which is coated with an insulator, and the 
dielectric film is SrTi03, BaTiOs, (BaSr)Ti03, PbTiOs, (PbLa)Ti03, Pb(Zrri) O3, 
(PbLa)(ZrTi)03 or TaaOi. 

[0023] Here, for the insulator covering the surface of the part, facing a space where 
plasma exists, insulating ceramic such as AI2O3, Ti02, Si02, Zr02, MgO or B4C may be 
coated by CVD, PVD, sputtering, application, or spraying to be about 0.1 to 5000 nm in 
thick. 
[0024] 

[Function] A sputtering system according to the present invention for forming a 
dielectric film by sputtering with the use of a ceramic target has a part at an earth 
potential around a substrate and a target that are opposed, and the part has a surface 
facing a space where plasma exists, which is coated with an insulator layer. Therefore, 
even when a sputtered film starts to be deposited on the insulator layer, and an electric 
charge is stored at a surface thereof, the electric charge is not discharged toward an earth 
potential of the part since an insulator layer that has a higher withstand voltage than 
electric field formed by the electric charge already exists. Hence, deposition can be 
performed in a clean atmosphere in a vacuum chamber without generating powder or 
dust, since the sputtered film or the insulator layer is not subjected to dielectric 
breakdown. 

[0025] Further, although the part of the sputtering system has the insulator layer 
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sandwiched, stable discharge can be kept for a long time in the case where the insulator 
layer is not so thick since the earth potential can be achieved in terms of RF even if a 
dielectric film is deposited. 

[0026] In the result, a dielectric film that has fairly little dust mixed in is formed on the 

substrate. 

[0027] 

[Embodiments] In the present invention, an insulating ceramic film that is an insulator 
for coating at least surfaces of parts such as a contamination plate and an earth shield, 
facing a space where plasma exists, has a thickness of 0.1 to 5000 ^irn, since the 
insulating ceramic film has a low withstand voltage so that the insulating ceramic film 
is also subjected to dielectric breakdown due to an accumulated electric charge to cause 
dust if the thickness of the insulating ceramic film is less than 0.1 fxm, and since an 
earth potential exists through a thick ceramic film to cause inadequate earthing so that it 
is not possible to discharge RF plasma stably if the thickness of the insulating ceramic 
film is more than SOOO ^m. 

[0028] Hereinafter, according to a drawing, specific embodiments of a method of 
forming a dielectric film according to the present invention will be described with 
comparative examples. 
[0029] Embodiment 1 

Fig. 1 shows an embodiment of the sputtering system 1 according to the present 
invention. 

[0030] In the drawing, a reference number 2 shows a metal vacuum chamber, 3 shows a 
ceramic target for obtaining an objective dielectric film, 4 shows a sputtering cathode, 5 
shows an insulating board for isolating the sputtering cathode 4 from the vacuum 
chamber 2 at an earth potential, 6 shows an earth shield, 7 shows a contamination plate, 
8 shows a substrate for forming a dielectric film on a surface, 9 shows a substrate holder 
equipped with a heater for heating the substrate 8, 10 shows an exhaust port valve of the 
vacuum chamber, 11 shows a gas-feed pipe for introducing sputtering gas into the 
vacuum chamber , 12 shows an earth board for making the vacuum chamber 2 the earth 
potential, and 13 shows an RF power supply for applying electric power to the 
sputtering cathode 3. 

[0031] While the structure of the system is no different from the conventional sputtering 
system, according to the characteristics of the present invention, the contamination plate 
7 that is one of the parts placed at an earth potential around the substrate 8 and the 
ceramic target 3 is made of a 2 mm thick stainless material (SUS304), and an insulating 
ceramic film 15 of 50 jim thick AI2O3 (aluminum oxide) is formed by spraying 
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respectively on a surface of the contamination plate 7a facing a space 14 where plasma 
exists and a surface 11a of the gas-feed pipe 11 that is another one of the parts. 
[0032] Further, a rear surface 7b of the contamination plate, facing the space where no 
plasma exists, is connected through the vacuum chamber 2 with the use of a copper 
(Cu) board to electrically have the earth potential by the earth board 12. 
[0033] In addition, the earth shield S is connected to the vacuum chamber 2 through the 
insulating board 16 to be insulated from the vacuum chamber 2 and have an electrically 
floating potential from the vacuum chamber 2 at the earth potential. Therefore, an 
insulating film is not formed on a surface thereof. 

[0034] Further, since the substrate holder 9 also has a floating potential, an insulating 
film is not particularly formed on a surface thereof. 

[0035] Then, in the present embodiment, SrTiOa (strontium titanate) that is 150 nm in 
diameter and 4nm in thickness is used as the ceramic target 3, and the ceramic target 3 
is attached to the inside of the vacuum chamber 2 of the sputtering device 1. 
[0036] In addition, a 3-inch silicon wafer 3 inches thick is used as the substrate 8, and 
the substrate 8 is held in the substrate holder 9. The substrate has a floating potential. 
[0037] Further, the distance A from a surface of the ceramic target 3 to the surface of the 
contamination plate 7 is set at 55 mm, and the distance B from an edge of the ceramic 
target 3 to the side of the contamination plate 7 is set at 45 mm. 

[0038] Then, after exhausting the inside of the vacuum chamber 2 through the exhaust 
port valve 10 to a pressure of 1 X lO"^ Fa, sputtering gas comprising Ar (argon) gas 
mixed with O2 (oxygen) gas at 20 % is introduced into the vacuum chamber 2 from the 
gas-feed pipe 11. Then, the sputtering gas pressure is set to be 0.5 Pa, and the ceramic 
target 3 is sputtered by RF sputtering with sputtering electric power of 500 W to form 
an SrTiOa film 200 nm thick on the substrate 8 that is heated to a temperature of 400 "^C 
by the substrate holder 9. 

[0039] Then, according to visual observations on a state of discharge during the 
deposition and states of the surface 7a of the contamination plate 7, the surface 6a of the 
earth shield 6, and the surface 11a of the gas-feed pipe 11, the surfaces of the 
contamination plate, the earth shield, and the gas-feed pipe have no change observed, 
and plasma is stable. 

[0040] Further, when the number of dust particles that are 0.5 |im in size or more in the 
SrHOa film formed on the substrate 8 is measured by a laser dust monitor, the number 
of dust particles that are 0.5 fxm in size or more is increased by 16 as compared to the 
numbers before the deposition 
[0041] Comparative Example 1 
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The conventional system shown in Fig. 2 is used, and the contamination plate g is made 
of a steel material (SUS304) 2 mm thick. Then, a SrTiOs film is fonned on a substrate 
by RF sputtering in the same way as the foregoing Embodiment 1 except for exposing 
both metal surfaces of the contamination plate g at an earth potential and using the earth 
shield / and the gas-feed pipe k that have surfaces uncoated with any insulator film. 
[0042] Then, according to visual observations on a state of discharge during the 
deposition and states of the surface of the contamination plate, the surface of the earth 
shield, and the surface of the gas-feed pipe, about 30 seconds later after starting the 
discharge, small luminescent spots start to be observed on the surface of the 
contamination plate, the surface of the earth shield, and the surface of the gas-feed pipe 
where plasma exists. As time goes on, the number and the range of luminescent spots 
get increased, and luminescent spots due to arcing are observed almost all over the 
surface of contamination plate, the surface of the earth shield, the surface of the 
gas-feed pipe after about 2 minutes. 

[0043] After 60 minutes passed from starting the discharge, the discharge is stopped, 
and the inside of the vacuum chamber b is opened to the air. Then, when the surface of 
the contamination plate, the surface of the earth shield, and the surface of the gas-feed 
pipe, where plasma existed, are observed, many traces of abnormal electric discharge 
like lightning, which are about 3 to 60 mm in length, are found, and there is small white 
powder adhering, which is fine powder of SrTiOs, 

[0044] Further, when the number of dust particles that are 0.5 nm in size or more in the 
SrTiOa film formed on the substrate is measured by a laser dust monitor, the number of 
dust particles is increased by 522. 
[0045] Comparative Example 2 

The conventional system shown in Fig. 2 is used, and the contamination plate g is made 
of a steel material (SUS304) 2 mm thick. Then, a SrHOa film is formed on a substrate 
by RF sputtering in the same way as the foregoing Embodiment 1 except for exposing 
both metal surfaces of the contamination plate ^ at an earth potential, using the earth 
shield /and the gas-feed pipe k that have surfaces uncoated with any insulator film, and 
connecting the earth shield / and the contamination plate g to the vacuum chamber b 
through an insulating board (the same as the insulating board 16 in Fig.l, which is not 
shown in the figure) to be insulated from the vacuum chamber b and have an electrically 
floating potential from the vacuum chamber b at the earth potential.. 
[0046] Then, according to visual observations on a state of discharge during the 
deposition and states of the surface of the contamination plate, the surface of the earth 
shield, and the surface of the gas-feed pipe, just after starting the discharge, plasma in 
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the space surrounded by the contamination plate» the substrate, the ceramic target and 
the earth shield starts to move lambently^ and sometimes spurts like a pillar of fire from 
gaps of the contamination plate and the like. Further, about 3 minutes later after 
starting the discharge, plasma starts to light up, and gets to die out frequently as time 
goes on. Further, during the discharge, abnormality such as arcing is not found at the 
rear surfaces of the contamination plate and the like. In any event, the discharge is 
unstable. 

[0047] Further, when the number of dust particles that are 0.5 |xm in size or more in the 
SrTiOa film formed on the substrate is measured by a laser dust monitor, the number of 
dust particles is increased by S22. 

[0048] However, even though the deposition is performed for 60 minutes as 
Embodiment 1, the obtained film is only 110 nm thick, and the deposition rate is 
unstable. 

[0049] Embodiment 2 

An SrHOa film is formed on the substrate 8 in the same way as the foregoing 
embodiment 1 except for using a contamination plate and a gas-feed pipe that have an 
insulating ceramic film IS of A1203 formed on the surface 7a of the contamination plate 
7 and the surface 11a of the gas-feed pipe 11 by spraying, which has various thicknesses 
as shown in Table 1. 

[OOSO] The results of visual observations on a plasma state during discharge during the 
deposition and a state of abnormal discharge of the surface 7a of the contamination plate 
7, the surface 6a of the earth shield 6 and the surface 11a of the gas-feed pipe 11 are 
shown in Table 1. 

[0051] Also, the results of measurements of the number of dust particles that are 0.5 fxm 
in size or more in the SrTiOa film formed on the substrate is measured by a laser dust 
monitor are shown in Table 1. 
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[0053] As is clear from the Table 1, since no abnormal discharge is observed on the 
surface 7a of the contamination plate 7 and the surface 11a of the gas-feed pipe 11 and 
the plasma state is stable within the range of 0.1 fjim to 5000 |xm according the present 
invention for the thickness of the insulating ceramic film 15 of AI2O3 formed on the 
surface 7a of the contamination plate 7 and the surface 11a of the gas-feed pipe 11, it is 
confirmed that no dust is taken into the film or the deposition rate dose not become 
unstable. 

[0054] As described, in Embodiment 1, the sputtered SrTiOs film is formed on the 
surfaces^ facing a space where plasma exists, of the contamination plate and the other 
parts that of the system, and positive or negative electric charges are accumulated on the 
surface thereof due to plasma. However, since the insulating ceramic film of AI2O3 is 
foimed to have the thickness of 50 jim between the metal surface of the contamination 
plate at the earth potential and the SrTlOs film, that is, on the surface of the 
contamination plate, the withstand voltage of the insulator layer is high, the electric 
charges is not able to escape to the earth, and dielectric breakdown is not caused. 
[0055] Therefore, abnormality such as small arcing at that moment or extreme 
generation of dust is not caused. Further, the backside of the contamination plate, that 
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is, the side not facing the space where plasma exists, has the earth potential while the 
insulator layer of AI2O3 is sandwiched. However, since the insulator layer of AI2O3 
has the thickness of SO ixm, which is not very thick, stable discharge can be kept without 
lambency or blinking of RF plasma. 

[0056] On the other hand, in Comparative Example 1, the SiTiOa film of the sputtered 
ceramic target material is formed on the surfaces facing the space where plasma exists, 
of the contamination plate, the earth shield, and the gas-feed pipe, during the formation 
of SrTiOa film on the substrate, and positive or negative electric charges start to be 
accumulated on a surface thereof. 

[0057] Since the SrTlOa film has been deposited only quite thinly yet on the surfaces of 
the contamination plate, the earth shield, and the gas-feed pipe, the SrTi03 film is 
subjected to dielectric breakdown due to the electric field formed by the electric charges 
accumulated at the surface, and the electric charges are discharged toward the earth, and 
at the same time, the SrTiOa film flies into pieces to expose the base earthed metal 
surface. Further, as sputtering is continued, another SrHOa film is deposited again on 
the exposed portion. However, dielectric breakdown is again repeated in the same way. 
At that moment, a trace of abnormal discharge is generated on the surfaces of the 
contamination plate and the like. The foregoing state is generated all over the surfaces 
of the contamination plate, the earth shield, and the like, so the powder that has flown 
off becomes dust 

[0058] In addition, in Comparative Example 2, since no earth potential exists around the 
ceramic target, plasma is not stable, and the deposition rate does not become constant 
due to the lambency and blinking, which cannot be used practically. 
[0059] In Embodiment 2, in the case where the insulating ceramic film of AI2O3 has a 
thin film thickness of 0.05 ^m, since the film is not perfectly pinhole-free with the 
earthed surface sparsely exposed in parts, arcing is caused in the foregoing thin parts 
with the result that the insulating ceramic film of AI2O3 and the thin SrTi03 film 
deposited thereon are subjected to dielectric breakdown. However, as the SrTiOs film 
is further deposited on the insulating ceramic film of AI2O3 to insulate the surfaces of 
the contamination plate and the like, no abnormal discharge is caused for the same 
reason as that of Embodiment 1, and then, discharge becomes stable. 
[0060] In the case where the insulating ceramic film of AI2O3 has a thickness of 0.1 to 
5000 jun, since the surfaces of the contamination plate and the gas-feed pipe are 
sufficiently insulated and the contamination plate and the gas-feed pipe have the earth 
potential in terms of RF in spite of the insulating ceramic film thereon, stable discharge 
can be kept. Even though the insulating ceramic film exists between plasma and the 
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earth potential such as the contamination plate and the like, the earth potential does 
function in during the RF discharge when the insulating ceramic film is not very thick. 
However, when the AI2O3 the insulating ceramic film is thick enough to reach 1CX)00 
|im« the earth potential is not sufficient in terms of RF around plasma, and discharge 
becomes unstable. 
[0061] Embodiment 3 

An SrIlOa film is formed on the substrate 8 in the same way as the foregoing 
Embodiment 1 except for using a 0.1 |im-thick I1O2 (titanium oxide) fllm formed by 
CVD (Chemical Vapor Deposition) instead of the sprayed AI2O3 film, as the insulating 
ceramic film 15 to be formed on the surface 7a of the contamination plate 7 and the 
surface 11a of the gas-feed pipe 11. 

[0062] Then, according to visual observations on a state of discharge during the 
deposition and states of the surface 7a of the contamination plate 7 and the surface 11a 
of the gas-feed pipe 11, the surfaces of the contamination plate and the gas-feed pipe 
have no abnormal discharge observed, and plasma is stable. 

[0063] In addition, when the number of dust particles that are 0.5 (xm in size or more in 
the Srli03 film formed on the substrate is measured by a laser dust monitor, the number 
of dust particles is increased by 27. 

[0064] Further, the obtained SrTiOa film has a film thickness of 200 nm. 
[0065] Embodiment 4 

An SrTiOa film is formed on the substrate 8 in the same way as the foregoing 
Embodiment 1 except for using a 10 jim-thick SiO? (silicon dioxide) film formed by 
applying hexamethyldisiloxane to the surfaces of the contamination plate and the 
gas-feed pipe and then baking, instead of a thennal sprayed AI2O3, as the insulating 
ceramic film 15 to be formed on the surface 7a of the contamination plate 7 and the 
surface 11a of the gas-feed pipe 11. 

[0066] Then, according to visual observations on a state of discharge during the 
deposition and states of the surface 7a of the contamination plate 7 and the surface 11a 
of the gas-feed pipe 11, the surfaces of the contamination plate and the gas-feed pipe 
have no abnormal discharge observed, and plasma is stable. 

[0067] In addition, when the number of dust particles that are 0.5 lan in size or more in 
the SrTiOa film formed on the substrate is measured by a laser dust monitor, the number 
of dust particles is increased by 8. 

[0068] Further, the obtained SrIlOa film after the deposition for 60 minutes has a 
measured film thickness of 200 nm. 
[0069] Embodiment 5 



English Translation of JF 8-277461 



13 



FROM|.2026285301=PAX5000L /081-462702408= /04-04-06-14: 39/00 l-026*^*«°° 



An SrTiOa film is formed on the substrate 8 in Ihe same way as the foregoing 
Embodiment 1 except for using a 5 ^m-thick ZrOa (zirconium oxide) film formed by 
sputtering instead of the sprayed A1203 film, as the insulating ceramic film IS to be 
formed on the surface 7a of the contamination plate 7 and the surface 11a of the 
gas-feed pipe 11. 

[0070] Then, according to visual observations on a state of discharge during the 
deposition and states of the surface 7a of the contamination plate 7 and the surface 11a 
of the gas-feed pipe 11, the surfaces of the contamination plate and the gas-feed pipe 
have no abnormal discharge observed, and plasma is stable. 

[0071] In addition, when the number of dust particles that are 0.5 \xm in size or more in 
the SrIlOa film formed on the substrate is measured by a laser dust monitor, the number 
of dust particles is increased by 30. 

[0072] Further, the obtained SrTiOs film has a film thickness of 200 nm. 
[0073] Embodiment 6 

An SrTiOa film is formed on the substrate 8 in the same way as the foregoing 
Embodiment 1 except for using a 50 ^m-thick MgO (magnesium oxide) film formed by 
PVD (Physical Vapor Deposition) instead of the sprayed AI2O3 film, as the insulating 
ceramic film 15 to be formed on the surface 7a of the contamination plate 7 and the 
surface 11a of the gas-feed pipe 11. 

[0074] Then, according to visual observations on a state of discharge during the 
deposition and states of the surface 7a of the contamination plate 7 and the surface 11a 
of the gas-feed pipe 11, the surfaces of the contamination plate and the gas-feed pipe 
have no abnormal discharge observed, and plasma is stable. 

[0075] In addition, when the number of dust particles that are 0.5 [im in size or more in 
the SrliOa film formed on the substrate is measured by a laser dust monitor, the number 
of dust particles is increased by 15. 

[0076] Further, the SrTiOa film formed on the substrate has a film thickness of 200 nm. 
[0077] Embodiment 7 

An SrllOa film is formed on the substrate 8 in the same way as the foregoing 
Embodiment 1 except for using a 0.2 ^-thick B4C (boron carbide) film formed by 
sputtering instead of the sprayed AI2O3 film, as the insulating ceramic film 15 to be 
formed on the surface 7a of the contamination plate 7 and the surface 11a of the 
gas-feed pipe 11. 

[0078] Then, according to visual observations on a state of discharge during the 
deposition and states of the surface 7a of the contamination plate 7, the surface 6a of the 
earth shield 6, and the surface 11a of the gas-feed pipe 11, the surfaces of the 
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contamination plate, the earth shield, and the gas-feed pipe have no abnormal discharge 
observed, and plasma is stable. 

[0079] In addition, when the number of dust particles that are 0.5 fim in size or more in 
the SrTiOo film formed on the substrate is measured by a laser dust monitor, the number 
of dust particles is increased by 34. 

[0080] Further, the S1IIO3 film formed on the substrate has a film thickness of 200 nm. 
[0081] Embodiments 8-14 

Any one of a BaTiOa film, a (BaSr)'n03 film, a PbTiOa film, a (PbLa)Ti03 film, a 
Pb(ZrTi)03 film, a (PbLa)(ZrH)03 film, and a TaaOs film is formed on the substrate 8 in 
the same way as the foregoing Embodiment 1 except for using any one of a ceramic 
target of BaTi03 (barium titanate), (BaSr)Ti03 (barium strontium titanate), PbTi03 (lead 
titanate), (PbLa)Ti03 (lead lanthanum titanate), Pb(ZrTi)03 (lead zirconate titanate), 
(PbLa)(ZrTi)03 (lead lanthanum zirconate titanate), Ta205 (tantalum oxide), instead of 
SiTi03, as a material for the ceramic target 3. 

[0082] Then, according to visual observations on a state of discharge during the 
deposition and states of the surface 7a of the contamination plate 7 and the surface 11a 
of the gas-feed pipe 11, the surfaces of the contamination plate and the gas-feed pipe 
have no abnormal discharge observed, and plasma is stable. 

[0083] In addition, when the number of dust particles that are 0.5 \im in size or more in 
each film formed on the substrate is measured by a laser dust monitor, the number of 
dust particles in the BaTi03 film is increased by 7, the number of dust particles in the 
(BaSr)Ti03 film is increased by 19, the number of dust particles in the PbTiOs film is 
increased by 18, the number of dust particles in the (PbLa)Ti03 film is increased by 33, 
the number of dust particles in the Pb(ZrTi)03 film is increased by 22, the number of 
dust particles in the (PbLa)(ZrTi)03 film is increased by 30, and the number of dust 
particles in the Ta205 film is increased by 40. 

[0084] As is clear in the result of Embodiments 8 to 14, in the case of using any ceramic 
target material, there is no abnormal discharge during the deposition, and stable plasma 
is obtained. Also, each of the formed films has a reproducible film thickness, and a 
stable deposition rate is obtained. 

[0085] Further, the increased number of dust particles in each film formed on the 
substrate is about 10 to 40 in any case, which is low level. 
[0086] Embodiment 15 

The contamination plate 7 is made of a 2 nm-thick stainless material (SUS304), and 
unlike Fig. 1, an insulating ceramic film of 50 fun-thick AI2O3 (aluminum oxide) is 
formed by praying on all the surfaces except for the terminal area (10 mm x 10 mm) for 
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an earth potential. Further, an SrTiOs film is fonned on the substrate by RF sputtering 
in the same way as the foregoing Embodiment 1 except for the following: also unlike 
Fig. 1, the earth shield 6 is directly attached to the vacuum chamber 2 at the earth 
potential without interposing the insulating board 16 therebetween to make the earth 
shield 6 the earth potential, and all the surfaces except for the surfaces in contact with 
the vacuum chamber 2 are coated with 50-(jun AI2O3 (aluminum oxide) by spraying. 
[0087] According to visual observations on a state of discharge during the deposition 
and states of the surface of the contamination plate, the surface of the earth shield, and 
the surface of the gas-feed pipe, the states of discharge and plasma are stable, and the 
surfaces of the contamination plate, the earth shield, the gas-feed pipe have no particular 
abnormality. 

[0088] In addition, when the number of dust particles that are 0,5 fjim in size or more in 
the SrTiOa film formed on the substrate 8 is measured by a laser dust monitor, the 
number of dust particles that are 0.5 \im in size or more is increased by 10. 
[0089] Although the contamination plate 7 is always made of the stainless material in 
the foregoing embodiments, the present invention is not limited to this. The 
contamination plate 7 may be made of another conductive material such as aluminum, 
aluminum alloy, titanium, or titanium alloy. Further, it goes without saying that each 
of the other parts of the system, such as the earth shield and the gas-feed pipe are also 
made of a conductive material. 
[0090] 

[Effect of the Invention] In accordance with a sputtering system according to the present 
invention, in a system for sputtering a ceramic target by sputtering to form a dielectric 
film on a substrate, parts of the system, which are placed around an opposed substrate 
and a target at an earth potential have surfaces facing a space where plasma exists, 
which are coated with an insulator layer. Therefore, even when a sputtered film starts 
to be deposited on the insulator layer, and an electric charge is stored at a surface 
thereof, the electric charge is not discharged toward an earth potential of the part since 
an insulator layer that has a higher withstand voltage than electric field formed by the 
electric charge already exists. Hence, deposition can be performed in a clean 
atmosphere in a vacuum chamber without generating powder or dust, since the sputtered 
film or the insulator layer is not subjected to dielectric breakdown. Further, since the 
parts of the sputtering system have the earth potential, the earth potential can be kept in 
terms of RF in spite of the insulator layer sandwiched in the case where the insulating 
ceramic film is not very thick even if a dielectric film is deposited, and then, stable 
plasma discharge can be obtained. Accordingly, the present invention has an effect of 
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providing a sputtering system that is able to keep stable discharge for a long time with 
extremely little abnormal discharge and dust. 

[0091] Further, when each of the parts of the system are made of a metal material and 
the insulator on the surfaces facing the space where plasma exists is any of insulating 
ceramic films respectively comprising AI2O3, I1O2, Si02, Zr02, MgO and B4C, which 
are coated to have a thickness of 0.1 to SOOO |im by CVD, PVD, sputtering, application 
or spraying, stable plasma discharge with extremely little abnormal discharge or dust 
can be obtained since the metal material functions as an earth potential and these films 
for coating function as an insulator layer. 

[0092] In accordance with a method of forming a dielectric film according to the present 
invention, the sputtering system in which the parts have the surfaces facing a space 
where plasma exists, which are coated with the insulator layer, is used, and a ceramic 
target is sputtered by sputtering to form a dielectric film on a substrate. Therefore, 
even when a sputtered film starts to be deposited on the insulator layer, and an electric 
charge is stored at a surface thereof, the electric charge is not discharged toward an earth 
potential of the part since an insulator layer that has a higher withstand voltage than 
electric field formed by the electric charge already exists. Hence, deposition can be 
performed in a clean atmosphere in a vacuum chamber without generating powder or 
dust, since the sputtered film or the insulator layer is not subjected to dielectric 
breakdown. Further, since the parts of the sputtering system have the earth potential, 
the earth potential can be kept in terms of RF in spite of the insulator layer sandwiched 
in the case where the insulating ceramic film is not very thick even if a dielectric film is 
deposited, and then, stable discharge can be kept for a long time. Accordingly, the 
present invention has an effect of forming a dielectric film on a substrate extremely 
easily with stable plasma discharge obtained and extremely little abnormal discharge 
and dust. 

[0093] Further, when each of the parts of the system are made of a metal material and 
the insulator on the surfaces facing the space where plasma exists is any of insulating 
ceramic films respectively comprising AI2O3, Ti02, Si02, Zr02, MgO and B4C, which 
arc coated to have a thickness of 0.1 to 5000 ^m by CVD, PVD, sputtering, application 
or spraying, stable plasma discharge with extremely little abnormal discharge or dust 
can be obtained since the metal material functions as an earth potential and these films 
for coating function as an insulator layer. 

[Brief Description of the Drawings] 

[Fig. 1] a schematic diagram of an embodiment of a sputtering system 
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according to the present invention 

[Fig. 2] a schematic diagram of a conventional RF sputtering system 
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